The teguments of four cestode species (Triaenophorus nodulosus, Proteocephalus torulosus, P. percae, P. cernuae) and the intestines of their freshwater fish hosts (Esox lucius, Barbatula barbatula, Perca fluviatilis, Gymnocephalus cernuus) inhabited by bacteria have been investigated with scanning electron microscopy. Most of the bacteria have sizes very similar to nanobacteria (that is, 0.25-0.3 µm in diameter). At least 4 microbial morphotypes were identified. These observations indicate that the normal indigenous microflora in cestodes and their fish hosts, associated with the digestive transport surfaces and consist of bacteria and nanobacteria.
Nanobacteria have been reported in soils, geological samples, reservoirs and in the organisms of some animals, including human body for the last decade. In October 1998 the US National Academy of Sciences (NAS) held a workshop to discuss the size limits of very small microorganisms. Conclusions from the workshop included a minimum viable diameter of 0.25-0.3 µm (Steering Group for the Workshop on Size Limits of Very Small Microorganisms 1999). Few reports on hyperparasites of helminths exist to date. Extracellular and intracellular bacteria have been observed in monogeneans (ElNaggar and Kearn 1989 , Cable and Tinsley 1991 , Bakke et al. 2006 , digeneans (Aho et al. 1991 , Hughes-Stamm et al. 1999 and cestodes (Poddubnaya and Izvekova 2005) . However in most cases, the bacteria found in Platyhelminthes were of the traditional size, i.e. more than micron. This study examines the indigenous symbiotic microflora associated with mucous intestines of freshwater fishes and tegument of their parasites: Triaenophorus nodulosus (Pallas, 1781) (Cestoda, Pseudophyllidea) and its host Esox lucius L.; Proteocephalus torulosus (Batsch, 1786), P. percae (Muller, 1780) , P. cernuae (Gmelin, 1790) (Cestoda, Proteocephalidea) and their hosts: Barbatula barbatula (L., 1758), Perca fluviatilis L., 1758, Gymnocephalus cernuus (L., 1758).
Cestodes were extracted from the intestine of their hosts caught in the Rybinsk reservoir and in the Ild River (Russia).
Live tapeworms and small fragments of intestines of their freshwater fish hosts were fixed in 3% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.3) for scanning electron microscopy. After rinses in cacodylate buffer, the specimens were post-fixed in 1% aqueous osmium tetroxide, dehydrated in a graded ethanol series, critical-point-dried with liquid CO 2 and examined on a scanning electron microscope LEO-1420.
Scanning electron microscopic studies of parasites and their hosts indicated that an indigenous microflora associated with intestines of fishes and cestode tegument consists of various bacteria of the traditional sizes and numerous nanobacteria forming a biofilm. For the first time nanobacteria were revealed among the indigenous microflora associated with a fishes' intestine. Bacteria with sizes less than micron or socalled nanobacteria were mentioned on the surface of digenean parasite only in one article (Hughes-Stamm et al. 1999) .
Nanobacteria were associated with surface of apical parts in intestinal microvilli and with tips of microtriches on cestode tegument (Figs 1-6 ). These organisms appear to attach to the apical membrane of the tegument and the intestine by close apposition. Nanobacteria do not form invaginations or attachment sites in the apical cytoplasm of parasites and host intestines. The digestive transport surfaces of helminthes and their fish hosts are inhabited by nanobacteria of various morphological forms. We found at least four various morpholog- Bacterial body orientation seemed to be density-depended; the higher the density, their more vertical position and accumulation. No differences in the ultrastructure of the tegument were apparent between regions of the tegument carrying microorganisms and regions free of microorganisms or between worms carrying large numbers and worms with few microorganisms. The similar distinctive features were found for nanobacteria associated with the fish host's intestine.
The symbiotic nanobacteria have specific morphological features. It is necessary to note the similarity between bacteria associated with apical surfaces of the parasite and intestine of the hosts. The microflora associated with the tegument of the cestodes was partly the same as the one that was found in the fish host's intestine. The same bacteria were found on all 4 parasite and 4 host species: coccoid-shaped nanobacteria and star-shaped microcolonies of rod-shaped cells.
The close association between the digestive transport surfaces of cestode parasites, their hosts and nanobacteria may suggest some benefit to the worms and fishes. One benefit may be an enhanced competitive uptake of metabolism across the tegument by the cestodes and the intestine by the fishes if the attached nanobacteria are involved in digestion of fish gut contents as symbiotic bacteria of the traditional size are involved (Izvekova 2003; 2005a, b) . Physiological studies of the role of the microbes in freshwater fishes and their cestode parasites indicated that microflora participated in the initial stages of carbohydrate hydrolysis (Izvekova and Komova 2005) . The products of bacterial hydrolysis by α-amylase can be used by both the host and the parasite.
The conclusion can be made that the normal indigenous symbiotic microflora in cestodes and their fish hosts consists of bacteria and nanobacteria. The tegument of cestodes and intestines of their fish hosts associated with large numbers of nanobacteria forming a biofilm. The diversity of nanobacteria on the digestive transport surfaces serves to emphasize that (Accepted April 17, 2008) the freshwater fishes and their parasites harbor a various and poorly understood microbial flora.
